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Starting with a short history of
PETRA I -1II

(Positron Electron Tandem Ring Accelerator)
; :

Physics at
PETRA
from 1979-1986

-largest ee-
accelerator at
that time

The discovery of the
gluon, the carrier particle
of the strong nuclear
force, in 1979 is counted - - —

as one of PETRAs fstﬁ]w Fista teling peri I(';';ins'w R | A e
biggest successes. 140 07-08/1981 146 140
06-07/1981 241 220

S2. ExpTASSO

32188

23.3 GeV / beaml!!!




: PETRAII 5%
pre-accelerator for HERA (1988-2007)

12 GeV
electrons and
positrons;

40 GeV protons,

| Syn. Rad. Fac.
since 1995,
equipped with
@ undulators to
& create
synchrotron
radiation
especially in the
X-ray part of the
§ spectrum.

PETRA 11l (2009)




f PETRA III
HetwoLTS ] The PETRA upgrade project
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» Reconstruction of 1/8 of PETRA (288 m) in a new experimental hall

* 9 new straight sections in the new arc, canted undulators ->
14 separate undulator BLs

* 100 m damping wiggler in the long straights red = Elecrons/Positrons

bilue = Protons

* Renewal of the entire machine

* Renewal of injection system
(and removal of the blue)

Start commissioning at 1. Jan. 2009

Some Parameters:

E =6 GeV

I=100 mA (200 mA) — top-up

€= 1.0 nm rad

k=1%

960 or variable bunch patterns
Additional options for long undulators

PETRA III
e ] Instrumentation for beam diagnostic

1. BPM systems
Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal) and Tune
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement
5. Emittance:
a) Synchrotron radiation
i. Xx-ray
ii. visible light (bunch length)
b) Laser wire scanner
No solid wire scanners, 15 micron Quartz-wire (non conducting) will burn at 0.7 mA
(horizontal) and 7 mA (vertical) at 1 m/s wire speed.
c) Screen monitors
6. X-Ray BPMs
7. Machine Protection System (MPS)
Signals from: Beam current, Beam position, beam pipe temperature, beam - stopper, RF
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oL ’ Instrumentation for beam diagnostic .
1. BPM systems
PETRA TII .0
- 1)
Hetuonz ’ The BPM System .

The BPM-system has to serve for two major tasks:

Machine commissioning and development:

Single turn, single pass capability to acquire beam positions of the non-
stored first turn or of each of consecutive turns is required. In this turn-by-turn
operation mode the resolution requirements are relaxed (50...100 um).

Orbit feedback and observation:

In synchrotron light operation the beam orbit of the stored beam has to be
kept constant to a reference orbit. All BPMs have to be squeezed to their
maximum performance in terms of resolution (1/10 of the beam width ¢) and
reproducibility. To achieve this, the bandwidth of the BPM-readout can be
reduced to 300 Hz, so averaged position measurements of many turns will be
acquired. On the other hand the BPM system has to provide position data
with a frequency of about 130 kHz (turn by turn) to feed the fast orbit
feedback system. Even at that bandwidth the resolution of a BPM must not
exceed the 50 um range.
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‘ BPM requirements for fast orbit correction ‘

HELMHOLTZ
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=> Sub micron orbit stability
=> (0.3 um resolution at 300 Hz bandwidth

BPM Required Required Ultimate Ultimate Monitor
Location (#) shape horizontal vertical horizontal vertical constant k:
Total 227 BPMs resolution 6 | resolution resolution 6 | resolution vert.; hor.
(um) G (um) (um) G (Hm)
Old octants (106) elliptical 10 10 0.5 0.5 16.9;17.7
New octant (44) octagon 2 0.5 0.5 0.5 16.8;17.5
Next to undulators (16+5) elliptical 2 0.3 0.15 0.15 5.26;5.26
Straight Sections (26+2) round 10 10 1.0 1.0 33.3;33.3
Damping Wiggler (26+2) racetrack 5 5 0.35 0.5 12.0;16.4

Orbit resolution requirements at certain locations at a bandwidth of B=300 Hz. The ultimate limits
can be expected from the tightest requirement of a resolution of 0.5 um for the new octant (taking
into account the monitor constants).

courtesy K. Balewski

7

BPMs Pick-ups:

Use of commercial RF button

feedthroughs already in use at

TTF, HERA and transport lines.

»The supplied feedthroughs
are individually tested (Vacuum
und HF) and sorted for identical
electrical response.

»Assembled BPM also tested in
laboratory (shorts and response)

»All geometries are calculated
(monitor constants, signal
response, linearity)

»HOM simulations were
performed. Results okay

courteSy"A-Brenger, R. Boesflug=====
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‘ BPM Readout electronic

Extensive tests of Libera Electron

done:

v" Slow orbit and TbT resolution

v’ Fast data readout for fast orbit
feedback.

v'Temperature dependence

v

o Bunch pattern and current
dependence (however, not so

Froquency

Resolution with 992 bunches

A |

~ [~
/‘// \ Resolution 6 = 17.5 nm| |}
| at 10 Hz bandwidth

Posiion[nm]

important for top-up operation)

=> LIBERA Brilliance
(improved specs.)

240 pieces arrived after less than
1 year. Few rejected, minor
problems

PETRAIIT

together with
feedback
electronics

BPM Readout electronic
All Liberas located
in air-conditioned

cabins (= 1 °C)
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HELMHOLZ Signal at LIBERA Input (Switch) T
Octagon profile, new octant Button Voltage Butten Voltage
f -—-"u-:_'f'u-
Monitor Profile - ! 1i ‘ i | -
RS !
i | 5w
i 1 A 2 s y
]
2 = 5 o
Signal out of Cable Signal out of Cable
f )
beam offset 8mm both planes i . i 1 /!
cable: RFA 3/8"-50, length 20m N |\ > Mk
L T = ] 3 o 5 a
= ‘Time [nsec] Tisme [asec]
Signal before Switch Signal before Switch
i
A
¥ o) | . 3 ,
T e ) B = E-s«i“

ot \ HF-MoMo (Movement Monitor)
Near the undulators the movement of the BPMs 1
(relative to ground) will be measured with a
resolution of better 1 um. Different encoder
systems were studied
— Test of a commercial System in PETRAII failed
radiation problems, high failure rate.

» Choice of in-house wire-systems HF-MoMo
» 145 MHz signal on A/4 antenna picked up by 4

stiplines. Readout BPM like, bandwidth 1Hz.
» Gap 8x8mm, linear 2x2 mm.
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New hall:

Temperature
stabilized to

0.19C.

All Magnets .
N 1 108 215 22 420 536 643 750 857 964 1071 1178 125 1392 1499 1606 1713 1620 1927 2034 2141 2248 2355 2462 2569 2676|
on aligned =
Irders' Elektronik- & Anzeige- Auflésung

-0.49908

-0.4991

049912

bandwidth:
=1/60 Hz .
max: 1Hz o

049918

04992

049922
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BPM systems
2. Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal) and Tune
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement
5. Emittance:
a) Synchrotron radiation
i. Xx-ray
ii. visible light (bunch length)
b) Laser wire scanner
No solid wire scanners, 15 micron Quartz-wire (non conducting) will burn at 0.7 mA
(horizontal) and 7 mA (vertical) at 1 m/s wire speed.
c) Screen monitors
X-Ray BPMs
Machine Protection System (MPS)
Signals from: Beam current, Beam position, beam pipe temperature, beam - stopper, RF

No
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» Beam stability is one of the most important requirements in synchrotron light sources.
For PETRA Ill RMS position errors must be limited to less than 1um.

* Position errors at the insertion devices are expected to be around 10 um in the

horizontal and 3 um in the vertical plane (vibrations due to culture noise), therefore a
fast orbit feedback is necessary.

Foreseen capability to synchronize/interact with slow orbit correction.

*System requirements:

T o0 -
_ ; - ’/
=
£ 10— F(oPA+CoNIPTI [@B] //
E | [FDist| Pi-Ctrl [dB] /
<20dBat50Hz « | el
30 /
4
/ \
/
40 I
goes beyond 300 Hz %@ 1000 10000 100000

frequency

PETRAIII
’ Fast Orbit feedback setup
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Number of Racks at

« Star topology location

» 24 Monitor Racks
* total of 218 BPMs

* High speed fiber
network with up to o\ 40

200 MB/s synchronous

data flow,

TBT Data=130 kHz.

LIBERA : |||=_

SIGNAL
COMBINER

SIGNAL
SPLITTER

Number of BPMs at location




PETRATII .0
A ] BPM signal processing and collection electronics \ L)
Main Processing Unit
Receives LIBERA TBT
Data (not processed
data). Hope to get
better latency in MPU.
«Signal processing will
be performed by using
FPGA technology
ALTERA Stratix Il family
(25 60/90)
*Signal processing 218 BPM's ool
by using SVD and
: 218 LIBERA Modules
PID algorithms
J 24 Racks
24 Signal Combiner Modules
24 Fiber connections from Combiners Slana
24 Fiber connections to correctors
PETRA'TIT .0,
i ’ Corrector Coils and their Amplifier electronics )

Completely end-to-end digital design with 16 bit resolution.
« 12 Digital Amplifier Racks
« 24 fiber connections N NR
« total of 82 Coils & AMPs

The output data stream is distributed
via fiber links to 82 digital power
amplifiers (DPA) with individual current
controllers.

The DPAs are controlled via CAN
interface.

Number of Racks at location.

Number of corrector coils at location
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1. BPM systems
2. Fast Orbit Feedback (>0.1 Hz to 300 Hz)

Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal) and Tune

HELMHOLTZ
GEMEINSCHAFT

00 MHz
Stripline
BPM (2) ALTERA

STRATIX I BEAM EXCITATION
25180 GENERATOR
im Proto 2560 burst, CW, mode, noise

gl ounches
USB 2.0
interface
DIGITAL
hase shifter

RAI
Ydfloggny

y

DC
15 Bit/ 130 MS/s

e 190 msis
oy wa wsis
I-Q DAC
Jont e
I-Q DAC
1o 100mSss

DIGITAL SIGNAL COUPLER

EEPROM
AND CLIPPING
for external excitatio

for non volatile

ignals

Slgnal Processor
Board 130 MS/s

RF Frontend
Elektronics

RF Front-End,
1 kHz - 62.5 MHz

Power Amplifier,
9 kHz - 250 MHz
4*250 W

The required minimum bandwidth is 62.5MHz determined by the shortest distance
between bunches being 8 ns. Upgrade to 2 ns (250 MHz) possible
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thyelh ’ Tune (part of Transv. Multibunch Feedback) ‘

Since the feedback systems will damp away any kind of excitation, the
classical tune measurement can be performed only without feedback.
The tune measurement is part of the transversal multibunch feedback
system. It contains a digital signal generator to feed different kind of signals
bunch-synchronized to the kickers. Single bunch as well as multibunch
excitations can be performed. In the single bunch mode the number of the
bunch can be chosen while in the multibunch mode the frequency of each
mode can be adjusted. Different excitation modes:

1) sinusoidal CW,

2) bursts with adjustable rate and length and

3) bandwidth-limited “white” noise.

A new(?) idea of tune measurement with feedback will be tested at
PETRA IlI: An adjustable broadband noise will be added to the RF front-end
output (and therefore to the kickers). In the frequency response this will be
seen as a constant offset. At the tune resonance frequency a notch will
appear due to the 180° phase shift of the feedback. These notches can be
analyzed very precisely, even with running feedbacks and with a minimum of
excitation.

PETRA III L
| Longitudinal Multibunch Feedback

8 Cavities

8 * 500w

P P
ext. Timing ower Amp's

Reference

position RF Frontend
independent Electronics DSB

1.375% 1.5 GHz

\ Baseband from
usB 1kHz to 62.5 MHz
— L
A

AN

courtesy: M. Dehler, PSI|
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1. BPM systems
2. Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal) and Tune
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement

PETRATIT

Hesmort? ‘ Fast Current monitors (FCT):

v FCT from Bergoz; DESY-specification

v 1.75 GHz bandwidth for round okay.

v Resolution of bunch current < 1 pA with analog BW of
500 MHz, charge of each bunch for top-up.

v elliptical (2x): Injection efficiency, BW 800 MHz

v readout: LeCroy-scope. An average of 50 turns of
each bunch will be displayed in the control room and
send via Ethernet connection to the control system.

Tek Run: 10.0GS/s ET Average

[Ffek Run: 5.00GS/s Average
I +

C1 Rise
1.177ns
€1 Rise

Ps
Unstable
histogram

c1 Fall

C2 Fall
1.431ns

histogram

!
66V 11 jan 2007 CRT TO0WmVET IE 2007V MS.00RS CRT S~ T20MYV 27 Feb 2008
08:58:59 10:02:10

1Ch | S TV R < WM S00ps Ch1 7
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ot ’ ACCT for transport lines ‘
»TTF2 type (inhouse, 2 halfs)

» Bandwidth 150 MHz

> Readout: ADC-Board from National Instruments, NI PXI-
5182 with 8-Bit resolution, a sampling rate of 1GS/s and
a bandwidth of 300MHz. Connection to control system by
Labview server.

» Located always at the beginning and the end of the
transport lines to measure beam losses during the
transport of each bunch. Also PIA and DESY are
equipped to observe the bunch current during
filling/bunching of PIA and the acceleration in DESYII.

PETRA TII L%
B 1)
St ’ DC Current Transformers (DCCTs) ‘ *

»Three PCT's (BERGOZ) from
PETRAII will be re-used in PETRAIII.
»Experiences from HERA with this type | I
of monitor showed a resolution of PCT-OR4{ IMOR42.!
0 <<1 %o (absolute: 3 pA of 61.7 mA) o ; i :
>Enables precise lifetime e m{
measurements |
»The readout is performed by a high
precision DVM (Type HP 3458A with
16 - 24 bit resolution (depending on
sampling rate) connected to the
BERGOZ backend-electronics. The
DVM averages over defined number
of turns (depending on the required
resolution).
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1. BPM systems
Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal) and Tune
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement
5. Emittance:
a) Synchrotron radiation
i. Xx-ray
ii. visible light (bunch length)
b) Laser wire scanner
No solid wire scanners, 15 micron Quartz-wire (non conducting) will burn at 0.7 mA
(horizontal) and 7 mA (vertical) at 1 m/s wire speed.
c) Screen monitors

PETRAITI .8,
. : 2
Heor | Emittance-measurement with x-ray | [
dipole quad#l quadé2
- | X:.’?tf.-‘ optics quad#3 ;nouocmam‘j"‘of camers g gug
——8—
: | eaeF |
SR source point

| forese
31Im :

/ Two interchangeable  1°® \ I
. X-ray optics: .
Pinhole Compound reflective lens (RWTH Aachen)

0.5 mm thick tungsten blade with a circular hole
of 20 um. (20 um resolution)

N=31, =2 um res. < 1 um aligned




H compound refractive lens (CRL)

mﬁﬂ?ﬂmm

PETRA IIT ho =21keV ‘\\

screen \
' :
i -

T CCD camera

lens

K 7 /commercial x-ray camera
© 7 AA50 beam monitor Hamamats

g, = Hpm

. bending magnet
= 20pm

»To reduce the SR heat load in
front of the X-ray optics two
absorbers are installed in the
photon path.

»>Monochromator (silicon single |
crystal in (311) in Laue
geometry) is water cooled.

»X-ray camera consists of an
X-ray converter system and a
light collection optics. CCD
camera: Hamamatsu 1.37M-
pixels cooled CCD digital
camera Orca C4742-80-12AG.

b cam mumilar)

Visible light
]
Be window Microscope
objective

=

- Amorphous
— carbon plate

X-rays

Single crystal scintillator |
(LueSiOs:Ca, thickness < 10 um)

PETRAIIT
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Optical Beam Line ‘

For the main purpose of measuring
the bunch length, a second
optical beam line is currently under
construction. A mirror will extract
the optical part of the synchrotron
radiation from a standard dipole
and an optical transport line will
guide the light into a hut outside
the tunnel. In the beginning it is
foreseen to perform
measurements of the bunch length
with fast optical elements like
streak camera or Avalanche
Photo Diodes (APD). But all
optical elements are designed and
proven to be as precise as
possible (< A/20) to be prepared
for optical beam size
measurements as well.
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+  20Hz, 7.5 MW, 532nm, YAG Laser with a
seeding to minimize shot-to-shot Jitter.

» BPMs before and at IP will allow to measure
beam slope at IP.

Photon Exit
Window \

|
Photon Calorimeter (outside) @ SWL
13m

+ 12 layer segmented W-scintilator sandwich.
Measures energy and position of the photons.

* Readout VME based (Power PC - Lynx) 40
MHz pipeline ADC

!“. :..

Collaboration: Royal Holloway (UL), University College London (UL), BESSY, DESY, J.A.l, EUROTeV

PETRA III L)
e ®? ] Laser-Wire Scanner

HIGH POWER LASER

BEAM SPLITTER
GAMMA-RAY
compTon DETECTOR

SCATTERED
GAMMAs

DEFLECTOR

MIRROR ELECTRON BEAM

[ TRAJECTORY
BENDING
MAGNET

| LASERBEAM
1]

Novel for Petra Il:
Beam Splitter = Longitudinal Pockels cell + Glan-Laser
prism

Deflector = Transverse Pockels cell
Will allow to get rid of moving parts.
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o ‘ Screen Monitors ‘

Mechanic:

»25 phosphor screens (@ 63.5 and 98 mm) are installed in
the transport lines between the preaccelerators and
PETRAIIL.

»Screen: 8 um Al-layer covered with a thin layer of ZnS to
avoid significant emittance blow-up. Therefore the three
screens method can be applied to measure the emittance
of the transported beam.

»The driving mechanism: Pressed-air cylinder, electro-
magnetic bar to allow the in-movement, spring to ensure
always an automatic pullout of the screen in case of losing
of the pressed air support.

»1mm thick frameless ceramic screens before and after the
injection septum, one in PETRA Il to observe the injected
beam.

»Soft- and Hardware takes care not to drive the PETRA-
screen into a stored beam.

PETRAIII
SRMGLE \ Screen Monitors \
Optic:

»Readout by old fashion analog CCD cameras because of
their much better radiation hardness.

»Camera shielded by 50 mm lead house

> A mirror in the optical path can be driven in to image a
reference grid to calibrate the camera (the reference
lines on the screen are not precise enough for exact
calibration).

» Radiation hard camera prototype successfully tested.
Used in high radiation environment (Septum, PIA).

Features:
. CID (Charge Injection Device)
Radiation Hardened Imager

| . High Resolution

. Small Size

. Replaceable Remote Head
. No Geometric Distortion

. 1x10° Rads Total Dose (gamma)
. Excellent image at 7 x 10° rads/hr




PETRA III ®,
DESY
. q A S
HELMHOR ’ VldeO s'gnals ‘ | # Cameras | | Rack |
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. . B e
* New (general) video serveris Guabber -+ 1
Pl H
developed. . ¥
« Individual local Frame Grabbers * el
with analogue output multiplexed ?ﬁi‘:c”fon
. {l
to one PC-frame grabber in = | Toger
Server l
[
WRMS  GRMS  Scds  SeleetServeriComens) LAN,
[Fitoooo 0000 [1736052 [TR77i22 [1000000 [ACOHEGRABRER, "FDEGR =] Smich. |
MUX
Injection
1 Injection
s | Trigger
MUX
:HJ,IUIJ . - SR
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1. BPM systems
Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal)
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement
5. Emittance:
a) Synchrotron radiation
i. Xx-ray
ii. visible light (bunch length)
b) Laser wire scanner
No solid wire scanners, 15 micron Quartz-wire (non conducting) will burn at 0.7 mA
(horizontal) and 7 mA (vertical) at 1 m/s wire speed.
c) Screen monitors
6. X-Ray BPMs
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BN ’ Residual Gas X-ray BPM (RGXBPM) ‘ *
*No Blade type foreseen in PETRA Il (uses halo)
*RGXBPM
+ uses the full beam cch L P MCP
+ 1D beam image on P-screen (MCP ampl.) =
+ Center of gravity defines beam position | /lon x-ray

+ Non destructive Trajectories beam

+ Spatial resolution < 10 um

- Needs gas bump (106 mbar)
=> differential pumping

- MCP degradation a—
E
Petralll undulator beam lﬂl —TI:]
POI M E R

P. llinski: Status of RGXBPM for PETRA I,
17.04.2008, PETRA Ill meeting

PETRAIII e
HELMHOL‘H /.‘
LS ] Residual Gas X-ray BPM resolution \

ESRF ID6, 600 mm diamond window, | = 68 mA, 2.5 10-7 mbar, Exposure time = 300 ms

200 200 E00 800 000 1200 T N—

0.090

0.085

0.080

0.075+

T-2)/(N+12)

split MCP electrode readout

| =80 mA, u34 gap = 20 mm,

E1 =7 keV, 4.7 108 mbar, Signal level ~
2mA

0.070+

0.065

0.060

1000 1200 1600 1800 2000 2200

Tie (ach)

1400
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1. BPM systems
Fast Orbit Feedback (>0.1 Hz to 300 Hz)
Slow Orbit Feedback (< 1 Hz) by Control System
3. Multibunch Feedback (transversal and longitudinal)
4. Beam current and lifetime:
a) Bunch current AC for toping up of individual bunches
b) DC current for precise current and lifetime measurement
5. Emittance:
a) Synchrotron radiation
i. x-ray
ii. visible light (bunch length)
b) Laser wire scanner
No solid wire scanners, 15 micron Quartz-wire (non conducting) will burn at 0.7 mA
(horizontal) and 7 mA (vertical) at 1 m/s wire speed.
c) Screen monitors
6. X-Ray BPMs
7. Machine Protection System (MPS)
Signals from: Beam current, Beam position, beam pipe temperature, beam - stopper, RF
PETRA III %
2‘54'.1.";'«'5'&?2 ’ MPS System overview ‘ L)
»Dump the beam (HF off) in case of o
equipment failures or too large beam To P0|09Y Optical fipres
offsets, delay < 100 pus . Totaliview
»Alarms sources: BPMs (Libera § SwE.gAc%ﬁ:?c:f
interlock output), Temperature o2 SYEE
% Interface

System, Vacuum pump and valves,
HF-System, power supplies, etc.
»The alarm-inputs to enabled/disabled
by field bus commands or by
predefined conditions. Conditions like
low beam currents, large undulator
gaps will disable individual inputs to
allow machine studies without
interference of the MPS.
»Redundant optical connection

between PETRA Halls. Transfers of
dump-information, beam current, time-
synchronization, and post mortem
trigger

»>“fail safe” design

»Keeps information who was the
first!

¥

Optical
fibre
dual

—_— ( [ ]
[ ]
LEMO
connector

Beam
current
monitor

0

O000000000O000O00O

~'| SEDAC
module

The local SEDAC field-bus is used to the L
and the correlations of alarms as well as the status of the
MPS. Not necessary for MPS activity!
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] MPS modules \

MPSA: Alarm-module — collects up to
16 potential-free contacts, use of
masks in combination with beam
current and combinations among

|}
HELMHOLTZ
GEMEINSCHAFT

MPSC: Controller — collects the alarms within
one crate, sends signals to dump and post
mortem trigger and manages the

communications along the LWL-loop
themselves.
Dump- u. Dump- u.
DCCT  Dump-u.
P‘;st-Mortem- Strahistrom- Post-Mortem- Post-Mortem-
usgénge messung  Ausgange Ausgénge
A A
LWL | SEDAC-Crate SEDAC-Crate SEDAC-Crate
I J
Nordwest_| | | MPSCENES | MPSCLEINOIS LR N |~ MPSC-NW | Nord
Controller Controller Controller
bis zu 10 bis zu 10 bis zu 10

MPSA MPSA MPSA MPSA MPSA MPSA
dul | """ dul Al dul | °** mme Alarmmodul | ** * | Alarmmodul

bis 2u 16 bis 2u 16 bis 2u 16 bis 2u 16 bis zu 16 bis 2u 16

EMI tests done recently! [
PETRA III L
Ly
HELMMOL‘H .
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Plenty was done

Everything seems to be in good shape
- and in time!

(maybe not this talk?)

Cheers
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